This study investigated the optimal schedule for home blood pressure (HBP) monitoring that has the greatest prognostic ability and provides the most reliable assessment of HBP. The Didima study assessed the value of HBP (duplicate morning and evening measurements, 3 days) in predicting cardiovascular events in the general population (662 adults, 8.2±0.2 years followup). Criteria for the optimal monitoring schedule were stabilization of mean HBP, its variability (standard deviation (s.d.)) and hazard ratios (HRs) of cardiovascular events per 1 mm Hg HBP increase. By averaging more readings (1-12), there was a progressive decline in average HBP and its s.d. and increase in HR, with most of these benefits achieved on the second day (8 readings) and little additional benefit obtained on the third day (12 readings). The first day gave higher and more unstable HBP values (higher s.d.) with less prognostic ability (lower HR). The first HBP readings per occasion gave higher values but with similar prognostic ability as the second readings taken 1 min later. There was little difference in average HBP between morning and evening readings with no prognostic superiority of morning readings. In conclusion, by averaging more readings the average HBP and its variability are reduced and the prognostic ability improved. Any aspect of HBP monitoring (first or second readings, morning or evening) has similar prognostic ability. The first day gives higher and unstable values with lower prognostic ability and should be better discarded. These data validate the HBP monitoring schedule proposed by the European Society of Hypertension.
Introduction
Monitoring of blood pressure (BP) by hypertensive patients at home is being increasingly used in many countries and has been endorsed by several hypertension societies worldwide. [1] [2] [3] [4] [5] [6] This is because this method has stronger prognostic ability than the conventional office measurements, 7 increases the precision of the diagnosis of hypertension by detecting the white coat and the masked hypertension phenomena [8] [9] [10] and improves patients' compliance and hypertension control rates. 11, 12 An important practical issue in the clinical application of home BP monitoring is to define the optimal schedule of measurements. 13, 14 Clear and detailed recommendations need to be provided to the practising physicians and their patients on how this method should be applied in everyday practice to take full advantage, namely how many home BP measurements should be averaged, which time of the day they should be taken, how many measurements should be obtained per occasion and whether some of the measurements should be better discarded. 13, 14 It is essential that the optimal home BP monitoring schedule provide the best possible prediction of cardiovascular risk. However, it is known that in a large population sample even a single BP value has strong prognostic ability, [15] [16] [17] whereas in the individual patient it has very little prognostic value. Therefore, apart from its prognostic ability, the optimal monitoring schedule to be recommended for clinical use in individual patients should also provide a reliable assessment of the usual level of BP at home.
The objective of this analysis is to determine the optimal schedule for home BP monitoring that has the greatest prognostic ability and provides the most reliable assessment of BP at home. For this purpose, home BP values and their respective hazard ratios (HRs) of cardiovascular events occurrence from the Didima outcome study 18, 19 were analyzed. Given that the Didima study has used a home BP monitoring schedule as recommended by the European Society of Hypertension, 1, 4 and in a joint statement by the American Heart Association and the American Society of Hypertension, 5 this analysis provides a unique opportunity to validate this recommendation.
Population and methods

Study design
This analysis is based on the Didima study data that assessed the prognostic ability of home BP. 18, 19 In brief, this was a cross-sectional general population study of home BP conducted, in 1997, in the village of Didima in southern Greece. Follow-up information regarding cardiovascular morbidity and causespecific mortality was collected in 2005 on the basis of participants' interviews, hospital records and death certificates (local registry of deaths). 18 Cardiovascular events included cases of documented fatal or non-fatal myocardial infarction, hospitalized heart failure or angina, pulmonary oedema, coronary artery bypass graft, percutaneous transluminal coronary angioplasty, stroke or transient ischaemic attack, sudden death and aortic aneurysm rupture. 18 Analysis has considered each patient only once and counted the first event that occurred for all identified cases.
Study population
All subjects exceeding 18 years of age were invited to participate in the study and the target population based on local registry was 908 subjects. A total of 694 (76.4%) agreed to participate and 29 were rejected because of incomplete BP data. 19 A detailed medical history of each participant, including demographic data, anthropometric characteristics, history of hypertension and cardiovascular disease, smoking habits and current medication, was recorded. A total of 665 participants with complete data were included in the initial analysis. 19 Mean age in the initial assessment was 54.1±0. 7 Home BP measurements Home BP measurements were taken by the study participants or by their relatives at home, on 3 working days. 19 Participants were instructed to take duplicate BP measurements on their left arm, in the sitting position, after 5 min of sitting rest and with a gap of 1 min between measurements, in the morning (0630-1000 h) and in the evening (1700-2300 h) each day. Measurements were taken using validated fully automated oscillometric devices (Omron HEM 705CP; Omron Healthcare GmbH, Hamburg, Germany; cuffs with bladder size 14 Â 28 cm for all participants 20 ). Participants with fewer than six valid home BP measurements were excluded.
Criteria for assessing home BP To investigate (a) how many home BP readings are needed and (b) whether some home BP readings are superior to others, home BP was estimated using several different approaches. First, an add-on pattern was applied by averaging an increasing number of home BP readings, starting from the first one and ending to all the 12 readings. Second, home BP was estimated as the average of specifically selected readings, for example, of all the first readings of each occasion (n ¼ 6) or the second readings of each occasion (n ¼ 6), all the morning (n ¼ 6) or all the evening readings (n ¼ 6), the average of readings of day 1 (n ¼ 4) or of all the 3 days (n ¼ 12).
Criteria for the assessment of the reliability of each of the above home BP values were (a) the level of average home BP, (b) the stability of average home BP estimated by its s.d., and (c) the HR of occurrence of cardiovascular events per 1 mm Hg increase in average home BP.
Analysis
This is a post hoc analysis of prospective data. 18, 19 Separate Cox regression models were fitted for home BP measurements (continuously, 1 mm Hg increment). Although adjustment for major confounders would be necessary to evaluate the prognostic value of home BP for cardiovascular events, unadjusted HRs have been provided for comparison purposes in this analysis as all BP values were derived from the same subjects. 15 Adjusted HRs for home BP from this study have been published earlier. 18 The outcome of interest was the composite endpoint of fatal or non-fatal cardiovascular events. For both systolic and diastolic BP measurements, home BP was entered in the Cox regression models by selecting different BP readings as mentioned above. The fit of the models including different BP readings was evaluated using the value of the likelihood, as well as the values of the Akaike information criterion and the Bayesian information criterion. 21 Paired t-tests were used to assess the differences between BP values with Bonferoni's correction for multiple comparisons applied where appropriate. General linear models were used for the analysis of variance of repeated measurements. Statistical Package for Social Sciences (SPSS release 11.0; SPSS Inc., Chicago, IL, USA) and STATA statistical package (StataCorp LP, College Station, TX, USA) were used for all analyses. A twotailed P-value o0.05 was considered statistically significant.
Results
Number of home BP readings needed For both systolic and diastolic home BP, the first measurement gave the highest value ( Figure 1 , left panel; 127.2/75.0 mm Hg, systolic/diastolic) with the highest variability ( Figure 1, middle panel; Most of the decline in average home BP and its s.d. was achieved by averaging 8 readings (2 days), with little further decline (o1 mm Hg) by averaging 12 readings (3 days). The progressive increase in the HR value associated with systolic home BP was continuous with more readings always giving higher values, up to the 12 readings studied. However, for diastolic BP 8 readings gave the highest HR without any further increase by averaging more readings. Regarding the pulse rate, there was no difference between the first day and the average of days 2-3 (data not shown).
First versus second home BP readings
Average BP of all the first readings of each occasion (three morning and three evening readings, However, similar predictive ability was found between the first and the second readings ( Table 1) .
The average of all the first readings was also higher to that of all the duplicate readings (mean difference 1.7 ± 2.1 mm Hg, 95% CI 1.6, 1.9, Po0.001 for systolic and 1.0±1.5 mm Hg, 95% CI 0.8, 1.1, Po0.001 for diastolic BP). Again, the HR of all the first readings was very close to that of the total of duplicate readings (Table 1) .
Morning versus evening home BP Average morning home BP (Table 1) was slightly lower than average evening BP for systolic (mean difference 1.1±8.4 mm Hg, 95% CI 0.5, 1.7, Po0.01), but not for diastolic BP (mean difference 0.1 ± 5.0, 95% CI 0.4, 0.3, P ¼ NS (non-significant)). Evening diastolic but not systolic BP readings tended to BP superior to morning readings in predicting the cardiovascular risk (Table 1) .
First day versus three days home BP Mean home BP of the first day (4 readings; 125.6 ± 20.1/74.1 ± 9.9 mm Hg, systolic/diastolic) was higher than the average of all the 3 days (12 readings) (mean difference 1.3±5.5 mm Hg, 95% CI 0.8, 1.7, Po0.001 systolic and 0.4 ± 3.3 mm Hg, 95% CI 0.1, 0.6, Po0.01 diastolic, Table 1 ). The HRs of home BP of the first day (1.029/1.032) were lower than that of the average home BP of all of the 3 days (1.034/1.037).
Discussion
This paper used the Didima outcome study data to provide a statistical and also clinical validation of the home BP monitoring schedule recommended by the European and American guidelines. 1, 4, 5 The issues specifically addressed were (a) the number of home BP measurements needed, and (b) whether some measurements are superior to others. The main findings are (a) by averaging more readings there is a decline in average BP and its variability and an increase in the prognostic ability, with most of these benefits achieved on the second day (8 readings) and little additional benefit obtained on the third day (12 readings); (b) the first day measurements (with duplicate morning and evening readings) give higher and more unstable BPs with less prognostic ability; (c) the first readings of each occasion give higher BP values but with similar prognostic ability as the second readings taken 1 min later; (d) there is little difference in average BP between morning and evening readings with no prognostic superiority of morning readings.
Didima versus Ohasama
There is only one published paper from the Ohasama study in Japan that has reported data similar to the present analysis. 17 Before comparing with these data, some important similarities between the two studies and also some important differences need to be highlighted. Both are general population studies with long follow-up (1789 subjects followed for 10.6 years in the Ohasama and 662 subjects followed for 8.2 years in the Didima) and used automated electronic devices for home BP monitoring, yet the Ohasama study population was by 7 years older. An important difference is that in the Didima, duplicate morning and evening measurements were obtained per day for 3 days, 19 whereas in the Ohasama, most analyses have been based on single morning measurements for 4 weeks. 17 The only paper from the Ohasama 22 that recently reported morning and evening home BP measurements showed morning BP to be higher than in the evening by 2.0/1.8 mm Hg (systolic/diastolic), whereas in the Didima, evening systolic BP was by 0.7 mm Hg higher with no difference in diastolic BP (Table 1) . This difference between the two studies might be attributed to BP lowering of evening BP in the Japanese population, because evening measurements are taken before bedtime and often soon after bathing. 23 In contrast, in the Didima, evening measurements were taken earlier (1700-2300 h), that is, several hours before bedtime in most subjects who usually go to bed around midnight. 
Number of home BP measurements needed
The study finding regarding the number of readings that should be averaged to give the maximal prediction of cardiovascular risk, is in accordance with the Ohasama study data that showed a progressive increase in the ability of home BP to predict stroke by increasing the number of measurements. 17 Despite the important difference in the home monitoring schedule, the Ohasama study also showed that most of the improvement in the prognostic ability is achieved with 14 readings, and only a modest additional benefit is obtained by averaging more readings. 17 The Didima study data are in agreement with the Ohasama study that showed the average home BP of 14 days (14 BP readings) to have clearly superior prognostic value than the average of the first 2 days (2 readings). 17 In addition, as in the Didima study, the Ohasama study showed average home BP of the first 2 readings to be higher and more unstable (higher s.d.) than the average of 14 readings (127.0 ± 17.1/75.9 ± 11.5) systolic/diastolic and 125.4 ± 15.4/75.0 ± 10.1 mm Hg, respectively). 17 Thus, both studies suggest that (a) the average of 12-14 readings gives a reliable home BP value that provides most of the prognostic ability of the method, regardless of whether these readings are obtained within 3 or 14 days and (b) the first home measurements are higher, unstable and have less predictive ability.
First versus second home BP readings
The higher BP values of all the first measurements of each occasion compared with the second ones taken 1 min later (in the morning and the evening throughout the 3 monitoring days) is not a surprise. Earlier studies of home BP monitoring in hypertensive adults and also in normotensive and hypertensive children and adolescents consistently showed the second measurement taken 1 min after the first one to be always lower by 1-2 mm Hg, regardless the time of the day (morning or evening) or the monitoring day (first of sixth). [24] [25] [26] This behaviour of home BP is similar to that of office BP, which is known to decline on repeated measurements in the same visit, even after multiple visits in both hypertensives and normotensives. 8 Although the first readings seemed to have the same prognostic ability with the second ones (Table 1) , the difference in the BP level cannot be ignored. It should be remembered that the Ohasama study has defined the normal threshold for home BP by using only single morning measurements. 16, 17 It might be argued that, had duplicate readings been used, the normal threshold estimated in the Ohasama study would have been lower. To accurately translate the results of the Ohasama study into clinical practice the Japanese Society of Hypertension recommended single morning home BP measurements to be averaged for decision making in clinical practice. 6 However, given that most of the studies included in the International Database that defined the normal thresholds for home BP 4,27 used 2-3 readings per occasion, the use of only single reading per occasion would definitely lead to overestimation of home BP.
Morning versus evening home BP
No advantage of morning compared with evening home BP measurements could be shown in this study, in terms of their prognostic value. Again, this is in agreement with the Ohasama study, where morning and evening BP equally predicted the risk of stroke. 22 Interestingly, in the Ohasama study, subjects with morning but not evening BP elevation had similar risk of stroke as those with morning and evening BP elevation, whereas those with evening but not morning BP elevation had little difference from normotensives. 22 More importantly, the risk associated with morning hypertension was more pronounced in treated hypertensives. 22 It should be mentioned, however, that morning BP in the Ohasama was consistently higher than evening BP (by about 2 mm Hg systolic and diastolic) in normotensives and hypertensives, treated and untreated. 22 Indeed, higher home BP in the morning compared with the evening was consistently found in the studies in Japan, but not in Europe. 28, 29 This discrepancy seems to be mainly because of the fact that in the Japanese studies, evening measurements are taken before bedtime and often soon after bathing, whereas in the European studies, evening measurements are usually taken several hours before bedtime, that is, in a more active period of the day. 23, 29 Interestingly, a pressor effect of alcohol on morning BP with a depressor effect in the evening, has been shown in a study in Japan. 30 Thus, ethnic lifestyle and behavioural characteristics might differently affect the morning and evening home BP values, suggesting that their normalcy levels should probably be separately defined in different populations. 29 
Study limitations
This analysis has been based on a general population sample and might not represent the behaviour of home BP of hypertensive patients. However, several shortterm studies in hypertensive patients have repeatedly shown that the first home monitoring day gives higher, more unstable and less-reproducible BP values. 24, [31] [32] [33] [34] [35] Therefore, it might be argued that the findings of the present analysis might have been the same or even accentuated in terms of the 'problematic' first day had hypertensive patients been exclusively studied. However, it is not known whether in hypertensive subjects the morning versus evening home BP comparison would give similar results.
Home BP monitoring in this study has been limited to 3 days (12 readings). Whether, further changes would occur with longer observation is not known. However, most of the changes in average home BP, its s.d. and its prognostic ability was achieved on the second day (8 readings) and little further improvement was obtained by averaging measurements of all the 3 days. Therefore, it might be hypothesized that the average of more measurements, for example, 16 or 20, would have negligible-if any-effect on the study endpoints.
Which schedule should be applied for home BP monitoring? Short-term studies that attempted to define the optimal home BP monitoring schedule on the basis of its reproducibility and stability have concluded that a 3-day home BP monitoring schedule with duplicate morning and evening measurements and after excluding readings of the initial day is the minimum requirement. 14, 24, 35, 36 As home BP monitoring is easily accepted by users and has relatively low cost, the European Society of Hypertension recommends an average of more readings to be obtained in clinical practice (7 days and exclude the first one) than the statistically minimum reliable schedule. 1, 4 Although the above short-term data are important to ensure that the optimal home BP monitoring schedule accurately represents the usual level of BP of an individual at home, the ability of the proposed schedule to predict cardiovascular risk is of paramount importance. Thus, the Didima outcome study data perfectly complement the findings of the shortterm studies and validate the proposal of the European Society of Hypertension for the home BP monitoring schedule. 1, 4 Recently, the American Heart Association and the American Society of Hypertension in a joint statement endorsed the European Society of Hypertension proposal for home BP monitoring. 5 Therefore, the European home BP monitoring schedule is now accepted as the standard for home BP monitoring at both sides of the Atlantic.
